We consider the supersymmetric extension of the 3-3-1 model with right-handed neutrinos. We study the mass spectra in the scalar and pseudoscalar sectors, and for a given set of the input parameters, we find that the lightest scalar in the model has a mass of 130 GeV and the lightest pseudoscalar has mass of 5 GeV. However, this pseudoscalar decouples from the Z 0 at high energy scales since it is almost a singlet under SU (2) L ⊗ U (1) Y .
I. INTRODUCTION
Models with SU(3) C ⊗ SU(3) L ⊗ U(1) N gauge symmetry (called 3-3-1 models for short) are interesting possibilities for the physics at the TeV scale [1, 2, 3] . At low energies they coincide with the standard model and some of them give at least partial explanation to some fundamental questions that are accommodated but not explained by the standard model.
For instance, in order to cancel the triangle anomalies, together with asymptotic freedom in QCD, the model predicts that the number of generations must be three and only three; (ii) the model of Ref. [1] predicts that (g ′ /g) 2 = sin 2 θ W /(1 − 4 sin 2 θ W ), thus there is a Landau pole at the energy scale µ at which sin 2 θ W (µ) = 1/4. According to recent calculations µ ∼ 4 TeV [4, 5] ; (iii) the quantization of the electric charge [6] and the vectorial character of the electromagnetic interactions [7] do not depend on the nature of the neutrinos i.e., if they are Dirac or Majorana particles; (iv) as a consequence of item ii) above, the model possesses perturbative N = 1 supersymmetry naturally at the µ scale [8, 9] ; (v) the Peccei-Quinn [10] symmetry occurs naturally in these models [11] ; (vi) since one generation of quarks is treated differently from the others this may be lead to a natural explanation for the large mass of the top quarks [12] . Moreover, if right-handed neutrinos are considered transforming non-trivially [3] , 3-3-1 models [1, 2] can be embedded in a model with 3-4-1 gauge symmetry in which leptons transform as (ν l , l, ν c l , l c ) L ∼ (1, 4, 0) under each gauge factors [13] . The SU(3) L symmetry is possibly the largest symmetry involving the known leptons (and SU(4) L if right-handed neutrinos do really exist). This make 3-3-1 or 3-4-1 models interesting by their own.
Models with SU(3) (or SU(4)) electroweak symmetry may have doubly charged vector bosons. These sort of bileptons may be detected by measuring several left-right asymmetries in Møller scattering [14] or, in future lepton-lepton accelerators. It is interesting that one these parity non-conserving asymmetry was observed in Møller scattering for the first time only recently and its value is, at present, in agreement with the standard model prediction [16] . However, in the future those asymmetries in e − e − colliders [14] may also be used for searching doubly charged particles and a heavy neutral Z ′0 vector bosons, which is also a prediction of those models, may be discovered in e − µ − colliders [17] . Singly and doubly charged vector bileptons may also be produced in e − γ [18] or γγ [19] or hadron [20] colliders.
New heavy quarks are also part of the electroweak quark multiplets in the minimal model representation. They are singlets under the standard model SU(2) L ⊗ U(1) Y group symmetry and in some versions of the 3-3-1 models the electric charges of these heavy quarks are different from the usual ones, so that it can be used to distinguish such models from their viable competitors. In fact, the pp production of these exotic quarks at the energies of the Tevatron have been studied in Ref. [21] where a lower bound of 250 GeV on their masses was found. This sort of models are also predictive with respect to neutrino masses [22] : they can implement the large mixing angle MSW solution to the solar neutrino issue [23] , and also the almost bi-maximal mixing matrix in the lepton sector [24] .
Gauge models based on the 3-3-1 gauge symmetry can have several representation contents [1, 3] depending on the embedding of the charge operator in the SU(3) L generators,
where the ϑ parameter defines two different representation contents, N denotes the U(1) N charge and λ 3 , λ 8 are the diagonal generators of SU(3). The supersymmetric version of the model of Ref. [1] , with ϑ = √ 3, has already been considered in Refs. [8, 9] . In this work we build the supersymmetric model based on the representation content of the 3-3-1 model of Refs. [3] which corresponds the the case when ϑ = 1/ √ 3.
The outline of this paper is as follows. In Sec. II we review the non-supersymmetric 3-3-1 model with right-handed neutrinos, introduce the respective superpartners and the superfields. The Lagrangian of this 3-3-1 supersymmetric model, including the soft term, is considered in Sec. III; the scalar potential and the scalar mass spectra are given in Sec. IV.
Finally, the last section is devoted to our conclusions.
II. THE MODEL
In this section (Sec. II A) we review the non-supersymmetric 3-3-1 model with righthanded neutrinos of Refs. [3] and add the superpartners (Sec. II B). The superfields are introduced in Sec. II C.
A. The representation content
Let us first summarize the non-supersymmetric model with the charge operator defined by Eq. (1) with ϑ = 1/ √ 3 [3] , i.e.,.
which implies leptons transforming under the 3-3-1 factors as
with a = e, µ, τ and ν c a = Cν a T , plus the singlets
In the quark sector we have the first two families transforming as antitriplets of
with the respective singlets
The third family transforms as triplet under SU(3) L in such a way that, the triangle anomaly cancels out only among the three families and taken into account also the color charges.
and their respective singlets
In the scalar sector only two triplets η ∼ (1, 3, −1/3) and ρ ∼ (1, 3, 2/3) are necessary to break appropriately the gauge symmetry and also to give the correct mass to all the fermions in the model. However, to eliminate flavor changing neutral currents we add an extra scalar triplet transforming like η.
and we will denote the vacuum expectation values which are different from zero as v =
B. Supersymmetric partners
Here we will follow the usual notation writing for a given fermion f , the respective sfermions byf i.e.,l andq denote sleptons and squarks respectively. Then, we have the following additional representations
with a = e, µ, τ ; i = 1, 2, 3; and α = 1, 2. However, when considering quark (or squark)
singlets of a given charge we will use the notation u
The supersymmetric partner of the scalar Higgs fields, the higgsinos, arẽ
and the respective extra higgsinos, needed to cancel the chiral anomaly of the higgsinos in Eq. (12), areη
and the corresponding scalar partners denoted by η ′ ,χ ′ , ρ ′ , with the same charge assignment as in Eq. (13), and with the following VEVs: 
C. Superfields
The superfields formalism is useful in writing the Lagrangian which is manifestly invariant under the supersymmetric transformations [25] with fermions and scalars put in chiral superfields while the gauge bosons in vector superfields. As usual the superfield of a field φ will be denoted byφ [26] . The chiral superfield of a multiplet φ is denoted bŷ
while the vector superfield is given bŷ
The fields F and D are auxiliary fields which are needed to close the supersymmetric algebra and eventually will be eliminated using their motion equations.
For fermion superfields we use the notation
For scalar superfields we write:η,χ,ρ and similar expressions forη ′ ,χ ′ ,ρ ′ and we must change (field) by (field) ′ .
The vector superfield for the gauge bosons of each factor SU(3) C , SU(3) L and U(1) N are denoted byV C ,V C ;V ,V ; andV ′ , respectively, where we have definedV
are the generators of triplet and antitriplets representations, respectively, and λ b are the Gell-Mann matrices.
III. THE LAGRANGIAN
The Lagrangian of the model has the following form
where L SU SY is the supersymmetric part and L soft the soft terms breaking explicitly the supersymmetry.
A. The supersymmetric Lagrangian
The supersymmetric part of the Lagrangian is decomposed in the lepton, quark, gauge, and the scalar sectors as follow:
where
in the lepton sector, we have omitted the sum over the three lepton family for simplicity, and
in the quark sector, and we have denoted g s , g, g ′ the gauge coupling constants for the SU(3) C , SU(3) L , U(1) N factors, respectively. In the gauge sector we have
where W C , W e W ′ are fields that can be written as follows
Finally, in the scalar sector we have
where W is the superpotential.
B. Superpotential
The superpotential of the model is decomposed as follows
W 2 (W 2 ) having two chiral superfields and W 3 (W 3 ) three superfields. Explicitly we have that the term with two superfields is given by:
The term with three superfields is written explicitly as
As usual it is necessary to introduce the so called soft terms that break the supersymmetry explicitly.
C. The soft terms
The soft terms can be written as
give mass to the boson superpartners and
in order to give mass to the scalars, we have omitting the sum upon repeated indices, i, j, k = 1, 2, 3 . Finally, we have to add
in order to give appropriate masses to the sfermions.
IV. THE SCALAR POTENTIAL
In the present model the scalar potential is written as
and
finally,
where we have used the scalar multiplets in Eqs. (9) and (13).
With Eqs. (32)- (34) we can work out the mass spectra of the scalar and pseudoscalar fields by making the usual shift
The analysis is similar to that of Ref.
[8] and we will not write the constraints equation, etc.
By using as input the following values for the parameters: sin 2 θ W = 0.2314, g = 0.6532,
GeV, m ρ = 10 GeV. m ρ = 244.99 GeV; m χ 2 = m χ ′ 2 = 10 3 GeV and m ρ ′ = 13 GeV, we obtain the masses
for the scalar sector (all masses are in GeV). Note that the lightest neutral scalar is heavier than the lower limit of the Higgs scalar of the standard model, i.e., m H > ∼ 114 GeV. For the pseudoscalar sector we obtain
only the two massless pseudoscalars are exact values, i.e., there are two Goldstone bosons as it should be. Notice that there is a light pseudoscalar. Although the values of the masses above are only an exercise, and it is possible that other values of the input parameters would give another set of masses, we would like to point out the following. In the basis (
) the lightest pseudoscalar is given by (0.0099, 0.0012, 0.7070, 0.0071, 0.0170, 0.7070), hence we see that it is mainly F χ 2 and F χ ′
2
.
So, we need to investigate the couplings of these pseudoscalars with the Z 0 .
In the (W 3 , W 8 , B) basis we have the mass square of the real vector bosons given by:
where we have defined
, and
The eigenstates of Eq. (37) are
for the photon, and
for the Z 0 and Z 0′ , we have neglected the mixing among Z 0 and 
V. CONCLUSIONS
We have put forward a supersymmetric version of the 3-3-1 model of Refs. [3] which includes right-handed neutrinos transforming non-trivially under SU(3) L . This sort of models is an interesting possibility since neutrinos are massive particles and right-handed neutrinos should to be added eventually to any extension of the standard model.
Concerning the scalar and pseudoscalar mass spectra we have found two different situations: for the scalar sector we were able to find all the Higgs scalars with masses above the However, a carefully analysis have shown that the mass eigenstate corresponding to M 4 is mainly formed by the symmetry eigenstates F χ 2 and F χ ′
2
, and studying the couplings of these pseudoscalars with the Z 0 we have noted that they vanish in the limit where w and w ′ go to infinity i.e., both pseudoscalars decouple from Z 0 in this limit since they are singlets under SU(3) L ⊗ U(1) Y .
In the other supersymmetric 3-3-1 model [8] , the proton decay modes are p → K 
These terms contribute to the proton decay with diagrams at 1-loop level involving gauginos and gluinos, known as dressing diagrams. These are the dangerous terms that induce the decay mode p → K +ν e . This channel is enough to exclude the minimal supersymmetric SU(5) model [32] since the SuperKamiokande data [30] .
In the present model dimension-5 operators that violate lepton and baryon number, that
